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characterized by fibromuscular hyperplasia that surrounds foci of endometriosis, and the foci sometimes contain small cavities (3) .
Physical examination and laparoscopic exploration may not allow diagnosis or prediction of the extension of deep pelvic endometriosis, especially in pelvic subperitoneal sites (4) . Transvaginal sonography is recommended for the diagnosis of endometriomas (5, 6 ) and endometriosis of the bladder (7), but its value for the assessment of superficial peritoneal lesions, ovarian foci, and deep pelvic endometriosis is uncertain. Rectal endoscopic sonography with high-frequency probes (7.5-12 MHz) has been recommended for detection of endometriosis in rectal, rectovaginal, uterosacral, and/or rectosigmoid locations (8, 9) , but high-frequency sonography shows poor penetration. Magnetic resonance (MR) imaging is now commonly used for diagnosis of endometriomas, but its value for diagnosis of endometriosis in the bladder, in superficial peritoneal lesions, and in ovarian foci is controversial (7,10 -12) . MR imaging was recently used for the diagnosis of endometriosis in the uterosacral ligaments (USLs) but was found to lack sensitivity for diagnosis of the disease with rectal involvement (13) .
The purpose of our study was to prospectively evaluate the accuracy of MR imaging for the preoperative diagnosis of deep pelvic endometriosis and extension of the disease.
MATERIALS AND METHODS
One hundred ninety-five patients (mean age, 34.2 years; range, 20 -71 years) who were suspected of having pelvic endometriosis were recruited at two institutions from January 1998 to May 2002. The inclusion criteria were clinical symptoms (pelvic pain, infertility, nodules, or tenderness at physical examination) and/or sonographic signs (cysts with diffuse lowlevel internal echoes, multilocularity, or hyperechoic wall foci; abnormal linear thickening, nodules, or masses in specific subperitoneal locations) of endometriosis. All patients met the inclusion criteria, and they underwent MR imaging preoperatively for assessment of the value of this technique for the diagnosis of deep pelvic endometriosis and for the prediction of extension of the disease. In our study, the protocol was approved by local institutional review boards, and all patients provided informed consent.
MR Imaging Technique and Image Analysis
MR images were acquired with a 1-or 1.5-T MR imaging device (Harmony or Magnetom Vision; Siemens, Erlangen, Germany) with 5-mm-thick sections and a 1-mm gap, a rectangular field of view of 280 ϫ 245 mm, and a matrix of 224 ϫ 512 pixels. The protocol always included sagittal and transverse fast spin-echo T2-weighted MR imaging, transverse spinecho or gradient-echo T1-weighted MR imaging with and without fat suppression, and transverse spin-echo or gradient-echo T1-weighted MR imaging with or without fat suppression after intravenous injection of 0.2 mL per kilogram body weight gadoterate meglumine (Dotarem; Guerbet, Aulnay-sous-Bois, France). The fast spin-echo T2-weighted sequence was performed with the following imaging parameters: repetition time msec/echo time msec, 4,500/128 (effective); echo train length, 23; and number of signals acquired, two. T1-weighted spin-echo sequences were performed with 600/15 and two signals acquired. Fast low-angle shot sequences were performed with and without fat saturation to obtain T1 contrast with a breath hold of 13 msec and the following parameters: 100/13, flip angle of 65°, and one signal acquired.
All sequences were performed with anterior and posterior saturation bands placed anteriorly and posteriorly to eliminate the high signal from the subcutaneous fat. Additional sequences were performed according to the location of abnormalities. After a rectal enema, the true fast imaging with steady-state precession sequence was performed in the sagittal and transverse planes with the following parameters: 6.3/3; flip angle, 70°; section thickness, 5 mm; rectangular field of view, 320 ϫ 240 mm; and matrix, 256 ϫ 198.
One hundred twenty-six (64.6%) of 195 patients received 10 mg of an antispasmodic drug (tiemonium methylsulphate, Visceralgine; Organon, Livron, France) intravenously at the onset of the examination to decrease peristalsis.
We made no attempt to analyze the accuracy of the pulse sequences individually. We did not quantitatively evaluate the usefulness of gadolinium-based contrast material for the diagnosis of deep pelvic endometriosis.
The MR images were analyzed prospectively by two radiologists (M.B., J.N.B.), one at each of our institutions, who each had more than 10 years of gynecologic imaging experience. The radiologists were blinded to clinical and sonographic findings, and each independently interpreted the images acquired at the other radiologist's institution. They were asked to determine whether endometriosis was present in the ovaries, according to previously described criteria (11, 14) , and in the superficial peritoneum at specific locations such as the ovarian fossa, uterine serosa, peritoneum of broad ligaments, Douglas pouch, and vesicouterine pouch, according to criteria of Ha et al (15) for diagnosis of hemorrhagic implants. They also were asked to identify deep pelvic endometriosis, which was defined as the presence of implants of endometriosis under the peritoneum, in the anatomic subperitoneal space, and in other intraperitoneal structures (mainly the intestinal tract and especially the sigmoid colon); to describe the topography of the uterus (anteflexed or retroflexed); and to identify adenomyosis, according to previously described criteria (16, 17) .
Analysis of Deep Pelvic Endometriosis
The diagnosis of deep pelvic endometriosis was based on the joint presence of signal intensity abnormalities (18) and morphologic abnormalities.
Signal intensity abnormalities.-Signal intensity abnormalities were observed as hyperintense foci that corresponded to hemorrhagic foci on T1-weighted and/or fat-suppressed T1-weighted MR images. Other abnormalities included small hyperintense cavities observed on T2-weighted MR images. Still other irregularities included tissue areas that corresponded to fibrosis, with signal intensity close to that of pelvic muscle on T1-and T2-weighted MR images. These latter irregularities were observed with or without foci or cavities and with or without contrast enhancement after gadolinium-based contrast material injection.
Morphologic abnormalities.-Morphologic abnormalities with regular or irregular stellate margins were evaluated at each site of posterior or anterior deep pelvic endometriosis. The abnormalities varied according to the anatomic location as follows: posterior compartment, anterior compartment, intestinal tract involvement, and frozen pelvis.
Abnormalities of the posterior compartment were recorded. Among these abnormalities was torus uterinus, which was the presence of a mass or thickening in the upper middle portion of the posterior cervix. Torus uterinus is anatomically defined by the presence of a small transverse thickening that binds the orig-inal insertion of USLs on the posterior wall of the uterus (2, p 370).
Another abnormality, involvement of a USL with endometriosis, was recorded when the ligament bore a nodule with regular or stellate margins or showed fibrotic thickening with regular or irregular margins compared with the margins of the contralateral USL. The unilateral or bilateral nature of the involvement and involvement of the torus uterinus (arciform abnormality) were noted. When a USL was considered abnormal and was clearly distinguished from adjacent structures, the size of its proximal portion, close to insertion on the cervix, was measured on the transverse or sagittal view.
Abnormalities of the vagina and/or cervix were observed as obliteration of the hypointense signal of the posterior vaginal wall on T2-weighted MR images, with thickening or a mass that contained or did not contain foci behind the posterior wall of the cervix.
Abnormalities of the anterior wall of the rectum and the sigmoid colon were observed as disappearance of the fat tissue plane lying between the uterus and the rectum and sigmoid colon, disappearance of the hypointense signal of the anterior wall of the rectum and sigmoid colon on T2-weighted MR images, and presence of a tissue mass extending on the anterior wall of the rectum and the inferior wall of the sigmoid colon showing contrast enhancement on T1-weighted MR images. Abnormalities that formed an obtuse angle with the wall of the rectum and sigmoid colon, the degree of extension, and particularly the distance between the lower limit of the fibrotic mass and the rectal-anal junction were recorded. The presence or absence of associated endometriosis on the posterior wall of the uterus, in continuity with deep pelvic lesions of endometriosis, was noted.
Abnormalities of the pouch of Douglas were observed as partial or complete obliteration with presence or absence of suspended or lateralized fluid collection.
An abnormality of the rectovaginal septum was observed as a nodule or mass that passed through the lower border of the posterior lip of the cervix (under the peritoneum).
Abnormalities of the anterior compartment included bladder involvement and a vesicouterine block of tissue. With bladder involvement, a nodule or mass usually was located at the level of the vesicouterine pouch and formed an obtuse angle with the bladder wall, extended through the bladder wall and involved the muscularis layer (obliteration of the hypointense signal of the wall on T2-weighted MR images), or protruded into the lumen with invasion of the mucosal layer. A vesicouterine block of tissue was associated with diffuse anterior endometriosis and complete obstruction of the vesicouterine pouch.
Intestinal tract involvement included abnormalities observed at intraperitoneal locations such as the sigmoid colon, the lower part of the sigmoid colon with rectal involvement and with or without adhesions to the posterior wall of the uterine body, and the presence of posterior wall endometriosis.
Frozen pelvis is an abnormality that corresponds to extension of endometriosis to multiple adjacent pelvic structures. With this abnormality, a block of tissue is created that simulates carcinoma and is not amenable to complete surgical resection.
Surgical and Pathologic Findings
One hundred thirty-six patients underwent laparoscopy and 59 underwent laparotomy with (n ϭ 20) or without (n ϭ 39) initial diagnostic laparoscopy.
Deep pelvic endometriosis was diagnosed in one of the following isolated or associated circumstances: In the first circumstance, endometrial tissue (endometrial gland and stroma) was found at histopathologic examination of at least one resected subperitoneal lesion (3). In the second circumstance, direct visualization of a deep pelvic lesion of endometriosis was possible at laparoscopy or laparotomy, associated with only fibrosis at biopsy, or without biopsy of the deep lesion (19) . In this case, subperitoneal endometriosis was diagnosed on the basis of the presence of another histologically proved location of endometriosis. In the third circumstance, complete culde-sac obliteration secondary to endometriosis was observed. The tissue that caused the obliteration was unresectable because the surgeons considered it too risky or because the patient refused to undergo surgery. In accordance with Reich et al (20) , we considered that deep retrocervical endometriosis was present under the peritoneum in such cases.
Statistical Analysis
Eighty-five patients had deep pelvic endometriosis that was confirmed at surgery, and these results provided an expected a priori sensitivity of 85% and a statistical power of 80%. Thus, we were able to achieve a precision of 1.0 with 95% CI for sensitivity of 70%. We expected a prevalence of approximately 50%, with allowance of a similar precision for specificity. Therefore, we designed our study with a sample of about 200 patients.
The sensitivity, specificity, positive and negative predictive values, and accuracy of MR imaging were evaluated for ovarian and peritoneal involvement and for each site of deep pelvic endometriosis.
RESULTS

Surgical and Pathologic Findings
In 163 (83.6%) of 195 patients, pelvic endometriosis was confirmed at surgery and was found in at least one location (ovary, peritoneum, or subperitoneal space) at pathologic examination. Among 32 patients without proved pelvic endometriosis, findings were as follows: normal examination (n ϭ 13), hydrosalpinx (n ϭ 5), functional ovarian cyst (n ϭ 4), serous ovarian tumor (n ϭ 3), subserous leiomyoma (n ϭ 3), ovarian fibroma (n ϭ 2), and dermoid cyst (n ϭ 2).
MR Imaging Results
Overall diagnostic performance of MR imaging for deep pelvic endometriosis was evaluated with respect to the correlation between MR imaging results and surgical findings alone and the correlation between MR imaging results and surgical and pathologic findings.
Tissue areas that corresponded to fibrosis on MR images were present in all patients with proved deep pelvic endometriosis. Hyperintense foci on T1-weighted and/or fat-suppressed T1-weighted MR images that corresponded to hemorrhagic foci or small hyperintense cavities on T2-weighted MR images that corresponded to cystic foci at pathologic ex- Table 2 ).
MR Imaging Results and Location of Endometriosis
USL and torus uterinus.-Evaluation of USL involvement with respect to the correlation between MR imaging results and surgical findings is described in Table 3 . Unilateral or bilateral USL involvement was present in 30 and 45 patients, respectively (Fig 1) . The size of the involved USL was between 4 and 20 mm (mean, 11.2 mm) (Figs 2, 3). Among 18 patients with false-negative MR imaging results, a retroflexed uterus masked the origin of the USL in six, the endometrioma lay on the USL in six, and the bowel was juxtaposed to the USL in two; misinterpretation occurred in four. In 20 patients, MR imaging results were false-positive: in five, clear delineation from the endometrioma that lay on the USL was difficult; in seven, adhesions hid the USL; in eight, measurement of and assessment of regularity of the USL were difficult. Among these 20 patients, eight had frozen pelvis at surgery. The sensitivity, specificity, positive and negative predictive values, and accuracy of MR imaging for the diagnosis of USL involvement compared with surgical findings were 76% (57 of 75), 83.3% (100 of 120), 74% (57 of 77), 84.7% (100 of 118), and 80.5% (157 of 195), respectively (Table 3) .
Pathologic analysis was performed. Among 75 patients with surgically proved involvement, the lesions were resected in 56. Pathologic findings were positive for disease in 51 of 56 patients. Only fibrosis was indicated in the other five cases.
Correlation between the pathologic findings and the MR imaging results that pertain to USL involvement is described in Table 4 . Among seven patients with false-negative MR imaging results, a retroflexed uterus masked the origin of the USL in four, the endometrioma lay on the USL in four, and the bowel was juxtaposed to the USL in one. Thirty-three patients had false-positive MR imaging results: in eight, the endometrioma masked the USL; in nine, adhesions masked the USL; in eight, measurement of and assessment of the regularity of the USL were difficult; and in eight, frozen pelvis was diagnosed. The sensitivity, specificity, positive and negative predictive values, and accuracy of MR imaging for the diagnosis of USL involvement compared with pathologic findings were 86% (44 of 51), 77.1% (111 of 144), 57% (44 of 77), 94.1% (111 of 118), and 79.5% (155 of 195), respectively.
Torus uterinus involvement was mainly All five patients with false-negative results at MR imaging had positive results at retrospective analysis. The eight patients with false-positive MR imaging results had a retroflexed uterus (n ϭ 5), a frozen pelvis (n ϭ 2), or both (n ϭ 1 Correlation between pathologic findings and MR imaging results for vaginal involvement is described in Table 6 . Although there were three false-negative cases at the prospective MR imaging study, a retrospective analysis of MR images helped in the correct diagnosis of this extension. Among 12 patients with false-positive results, biopsy was not performed in four and rectovaginal septum involvement was diagnosed in four. Six patients had a retroflexed uterus, and one had frozen pelvis. The sensitivity, specificity, positive and negative predictive values, and accuracy of MR imaging for the diagnosis of vaginal involvement compared with pathologic findings were 80% (12 of 15), 93.3% (168 of 180), 50% Figure 1 . Transverse T2-weighted fast spin-echo MR image (4,500/128) demonstrates irregular tissue area (related to fibrosis), with signal intensity close to that of pelvic muscle in the torus uterinus and USLs, that forms an arciform abnormality (arrow). Thickening of anterior rectal wall, which forms obtuse angle with normal wall, suggests rectal wall involvement (arrowheads); this involvement was confirmed at surgery. Truepositive diagnosis of torus uterinus and bilateral USL involvement with endometriosis, along with rectal involvement, was determined at MR imaging. 
Rectovaginal septum.-Correlation between surgical and pathologic findings and MR imaging results was evaluated. All lesions of the rectovaginal septum that were found during surgery were resected. Lesions at this site of involvement were always accompanied by lesions of endometriosis at other posterior locations, such as USL (n ϭ 10), vagina (n ϭ 7), or rectosigmoid (n ϭ 10) (Fig 4) . Rectovaginal septum involvement is described in Table 7 . Posterior deep pelvic endometriosis was diagnosed at MR imaging in two patients with MR imaging results that were false-negative for rectovaginal involvement. Discrepancies between MR imaging and surgical findings were noted in regard to the precise anatomic location. The four false-positive results were observed in three patients with frozen pelvis (resection was not performed in two patients) and one patient in whom the precise extension of posterior involvement with endometriosis that was predicted with MR imaging differed from that seen during surgery. The sensitivity, specificity, positive and negative predictive values, and accuracy of MR imaging for the diagnosis of rectovaginal septum involvement compared with pathologic findings were 80% (eight of 10), 97.8% (181 of 185), 67% (eight of 12), 98.9% (181 of 183), and 96.9% (189 of 195), respectively.
Intestine.-Correlation between surgical findings and MR imaging results was evaluated. MR imaging results for intestinal involvement in the 60 patients with surgically proved involvement are reported in Table 8 . Among seven patients with false-negative MR imaging results, six had involvement limited to the serosa at MR imaging and one had rectal involvement that was overlooked. No intestinal abnormalities were noted during surgical exploration in three patients with false-positive MR imaging results. The sensitivity, specificity, positive and negative predictive values, and accuracy of MR imaging for the diagnosis of intestinal involvement compared with surgical findings were 88% (53 of 60), 97.8% (132 of 135), 95% (53 of 56), 95.0% (132 of 139), and 94.9% (185 of 195), respectively.
Three MR imaging patterns were observed according to the site of the lesions. The most frequent location was the rectosigmoid junction (n ϭ 39). In most cases the rectum was attracted forward, converged on the torus uterinus, and obliterated the cul-de-sac associated with USL involvement. Fluid was sometimes visualized lateral to the rectum or hanging above the fibrotic area. The lesion itself was visualized as a thickening of the rectal wall and formed an obtuse angle with the normal wall. On transverse T2-weighted MR images, the lesion of the anterior wall of the rectum was usually located between the 10-and 2-o'clock positions; it yielded a triangular aspect, with the tip of the triangle pointing anteriorly. The aspect of the lesion was mainly fibromuscular and sometimes contained hyperintense foci on T1-weighted or fat-suppressed MR images. Gadolinium-based contrast material injection was used to prevent a false-positive diagnosis of rectal wall invasion, and it helped the radiologist to clearly distinguish between the lesion and the rectal wall.
In eight patients, the intestinal involvement was restricted to the sigmoid colon. The involvement was always located on the lower surface of the colon. Involvement at these locations was difficult to diagnose with standard MR imaging sequences. Opacification with a water enema was very helpful in the confirmation of this diagnosis in two patients (Fig 5) .
In 10 patients, the lesion involved the lower part of the pouch of Douglas, and it extended downward to the anterolateral wall of the rectum and to the rectovaginal septum. In rectal locations, the distance between the lower border of the fibrotic mass and the junction of the pelvic and perineal rectum could be accu- rately evaluated and was between 30 and 70 mm (mean, 49 mm). Correlation between pathologic findings and MR imaging results was evaluated. Resection was performed in 39 of 60 patients with surgically proved involvement. Thirty-eight patients had endometrial foci, fibrosis, and muscular hyperplasia of the muscularis propria at pathologic examination. One patient had only fibrosis of the muscularis propria. MR imaging results and pathologic findings for intestinal involvement are compared in Table 9 . In two patients with false-negative results, one patient had rectal involvement that was visible retrospectively. There were no false-positive results. The sensitivity, specificity, positive and negative predictive values, and accuracy of MR imaging for the diagnosis of intestinal involvement compared with pathologic findings were 95% (37 of 39), 100% (156 of 156), 100% (37 of 37), 98.7% (156 of 158), and 99.0% (193 of 195) , respectively.
Bladder.-Correlation between surgical and pathologic findings and MR imaging results was evaluated. Among 16 patients with surgically proved bladder involvement, 15 had bladder lesions that were resected; all were positive for disease at pathologic examination (Fig 6) . The results for bladder involvement are reported in Table 10 . In two patients with false-negative results, MR imaging failed to show the extension of vesicouterine pouch involvement through the bladder wall. In two patients, bladder wall involvement was diagnosed with MR imaging, whereas the lesion was limited to the peritoneum of the vesicouterine pouch at surgery. The sensitivity, specificity, positive and negative predictive values, and accuracy of MR imaging for the diagnosis of bladder involvement were 88% (14 of 16 Frozen pelvis.-In 15 patients, involvement of the structures of the posterior pelvic space (torus uterinus, USL, vagina, rectal wall) and adhesions to the posterior wall of the uterus that sometimes extended to the myometrium created a block of tissue that completely masked the pouch of Douglas (Fig 7) . In some of these patients, the fibrosis encased the pelvic ureter. Some of these patients also had huge lesions of endometriosis in the anterior pelvic space, and these lesions formed a block of tissue between the bladder and the uterus.
In all these patients, the diagnosis of endometriosis at MR imaging was determined preoperatively on the basis of the association with morphologic findings, signal intensity characteristics, and usual characteristic pathways of endometriosis (21) . Endometriosis was confirmed at surgery. No carcinoma was diagnosed at pathologic examination.
Associated Lesions of Endometriosis
MR imaging yielded a diagnosis of endometriomas in 120 patients. Two patients had false-negative results and 11 had false-positive results. The sensitivity, Note.-Positive indicates that intestinal involvement was present, and negative indicates that it was not. Sensitivity was 88%; specificity, 97.8%; positive predictive value, 95%; negative predictive value, 95.0%; and accuracy, 94.9%. MR imaging yielded a diagnosis of superficial peritoneal endometriosis in 13 patients. Seventy-five patients had falsenegative results, and seven had false-positive results. The sensitivity, specificity, and positive and negative predictive values of MR imaging for the diagnosis of superficial peritoneal endometriosis were 5% (four of 81), 93.9% (107 of 114), 36% (four of 11), and 58.2% (107 of 184), respectively. The accuracy of MR imaging was 56.9% (111 of 195).
In 163 patients with pelvic endometriosis, the uterus was anteflexed in 115 (70.6%), retroflexed in 46 (28.2%), or absent in two (1.2%). In 97 patients with deep pelvic posterior endometriosis, the uterus was anteflexed in 66 (68%), retroflexed in 29 (30%), or absent in two (2%). Endometriosis was suggested at MR imaging in 44 patients and was confirmed at hysterectomy in seven patients.
DISCUSSION
We believe ours is the first diagnostic MR imaging study of locations of deep pelvic endometriosis in a large series of patients. Overall, we obtained a sensitivity of 90.3%, a specificity of 91%, a positive predictive value of 92.1%, a negative predictive value of 89%, and an accuracy of 90.8%.
A variety of techniques (transvaginal sonography, transrectal sonography, and endoscopic transrectal sonography) have been used to diagnose deep pelvic endometriosis and to assess its extension in specific locations such as the bladder, the USL, the rectovaginal septum, and the rectal wall, with varying results (7, 8, 22, 23) . Although transrectal sonography has been reported to have a sensitivity of 80% and a specificity of 97% for the diagnosis of USL involvement (22) , no large studies of a comparison of sonography and MR imaging have been published. Endoscopic transrectal sonography has been reported to be useful for the diagnosis of rectal wall endometriosis, with a sensitivity and specificity of 100% (8, 23, 24) . Bazot et al (25) , however, demonstrated that transvaginal sonography was as efficient as endoscopic transrectal sonography for the diagnosis and evaluation of extension of rectal endometriosis. In contrast to MR imaging, which offers an overview of the potential locations of pelvic endometriosis, the main limitation of the sonographic techniques is that they focus on a limited anatomic area of the pelvic cavity and subperitoneal space; none is individually capable of evaluation of overall pelvic extension.
As reported by Sampson (21), we found that the torus uterinus and the USL were the anatomic structures most frequently involved with deep pelvic endometriosis. Our data are in agreement with the frequency reported by several authors (26, 27) . Our results, however, differ from Note.-Positive indicates that intestinal involvement was present, and negative indicates that it was not. Sensitivity was 95%; specificity, 100%; positive predictive value, 100%; negative predictive value, 98.7%; and accuracy, 99.0%. those of Kinkel et al (13) , who observed USL involvement in 100% of patients. Although Kinkel et al used a USL thickness of greater than 9 mm to define involvement of the ligament, we found that localized thickening of less than 9 mm, asymmetry between the two ligaments, and their irregularity were more specific than simply a thickness measurement. The diagnosis of endometriosis of the USL is simple when both ligaments are involved together with the torus uterinus. With this involvement, a typical arciform pattern or an irregular unilateral thickening, a nodule, or a stellate pattern is formed, particularly when hemorrhagic implants or associated rectal involvement are present. In our series, the main sources of false-negative and falsepositive results were a retroflexed uterus, an adhesion, and an endometrioma, which masked the insertion of and the proximal part of the USL. With respect to surgical findings, we found that MR imaging had a sensitivity of 88.3%, a specificity of 97.8%, a positive predictive value of 95%, a negative predictive value of 95.0%, and an accuracy of 94.9% for intestinal involvement. In clinical practice, the most frequent location with the MR imaging pattern that was most characteristic of endometriosis was the rectosigmoid junction. This location, which was always associated with torus uterinus involvement in our series, was usually visualized as an anterior displacement of the rectum (which appeared to be attracted toward the torus uterinus), as thickening of the anterior rectal wall with formation of an obtuse angle with the normal wall, and sometimes as an area that contained hyperintense foci on T2-weighted MR images or on T1-weighted MR images obtained with or without fat suppression, with better delineation after contrast enhancement. In more extensive cases, complete adhesions (3-8 cm) were found between the anterior wall of the rectum and the posterior wall of the uterus and were associated with typical aspects of endometriosis, as reported by Sampson (21) .
When endometriosis of the torus uterinus and the USL is juxtaposed to the rectal wall, involvement limited to the serosa or with invasion of the muscle wall can be difficult to diagnose. In seven of our patients, this extension was wrongly diagnosed (ie, not confirmed with surgical findings) and was correctly diagnosed in only two patients. These results underline the difficulty in the differentiation of lesions that are limited to the serosa from lesions that invade the muscle wall. Conversely, three positive diagnoses at MR imaging that were based on the criteria described in Materials and Methods were not confirmed at surgery in our series. In one of the patients, a limited nodule on the inferior face of the sigmoid colon was not found by the surgeon, whereas in the other two patients, extensive adhesions were the most likely explanation for the false-positive MR imaging results. When deep pelvic endometriosis is located in the sigmoid colon, it can be missed at MR imaging or be confused with fecal material. A water enema administered prior to MR imaging is very helpful for the diagnosis at this site of involvement, as previously reported by Kinkel et al (13) . When the lesion is located in the rectum at the level of the lower cervix or the rectovaginal septum, the MR imaging pattern is usually very characteristic. The main problem in this location is to define downward extension, which may or may not involve the rectovaginal septum. These locations are most commonly associated with upward attraction of the vaginal fornix, and this attraction hinders the diagnosis of rectovaginal septum involvement both before and at surgery.
During embryogenesis, the rectovaginal septum arises from the fusion of the two leaves of the peritoneal cul-de-sac and extends downward between the rectum and the vaginal wall to the level of the levator ani muscle (28) . It is logical to think that endometriosis of the rectovaginal septum is, in most cases, secondary to involvement of the peritoneum of the pouch of Douglas, which is in direct juxtaposition to the top of the rectovaginal septum (29) . Some rare locations have been reported as primary sites of endometriosis of the rectovaginal septum (30) . In our series, all locations involved the pouch of Douglas and at least the upper third of the rectovaginal septum. The most characteristic MR imaging finding was involvement of the posterior wall of the vagina, and the anterior and lateral rectal walls showed irregular thickening with low signal intensity.
Vaginal involvement with endometriosis was almost always associated with obliteration of the pouch of Douglas. Comparisons of MR imaging results with surgical findings and with pathologic findings produced very high negative predictive values of 97.1% and 98.2%, respectively. Conversely, we obtained low positive predictive values of 67% and 50% for comparison of MR imaging results with surgical and pathologic findings, respectively. The main factor responsible for these false-positive results was extensive involvement of this space with endometriosis, with the usual difficulties of resection (frozen pelvis) and of determination of the anatomic site of tissue sampling.
Bladder endometriosis was present in 16 (15.5%) of 103 patients and was isolated in only six (5.8%) patients. In all but one patient, it was located in the dome of the bladder in front of the vesicouterine pouch (7, 13) . The most characteristic finding was a 2-4-cm mass that formed an obtuse angle with the bladder wall and that was mainly hypointense and almost always contained hyperintense foci on T1-and T2-weighted MR images and fat-suppressed T1-weighted MR images. Endometrial lesions of the anterior wall of the uterus were sometimes associated with these findings (7, 31) . Although endometriosis in this space is usually easy to diagnose, it can be difficult to accurately locate lesions in the vesicouterine pouch alone or lesions that extend into the bladder wall, as in the two patients with false-negative results and in the two patients with falsepositive results in our series. The main limitation of MR imaging in the preoperative evaluation of this lesion is in the definition of the precise anatomic relationship of the bladder involvement with the ureteral meatus.
MR imaging has the advantages of aiding in the detection of all deep pelvic sites of endometriosis and of providing accurate depiction of extension of the disease for the surgeon. Preoperative diagnosis of extensive cases can provide a warning to the surgeon that dissection may be particularly difficult. In case of severe infiltration with complete obliteration of the pouch of Douglas (20) , MR imaging, with its high contrast resolution and multiplanar imaging capacity, can help in the analysis of lesions that are difficult or impossible to explore during surgery. Moreover, as previously suggested by Siegelman et al (18) , MR imaging could help in the differentiation of deep pelvic endometriosis from malignant carcinomatosis.
The diagnosis of deep pelvic endometriosis was confirmed histologically in 63.2% of patients. This low rate could be explained by the strict histologic criteria we used that were based on the presence of both endometrial glandular and stromal tissue. As previously demonstrated, however, the glandular component found in deep lesions is relatively small, and serial sectioning is required to confirm the diagnosis of endometriosis (25, 32) . Although histologic examination remains the standard for the diagnosis of endometriosis, some lesions diagnosed at surgery are not examined at biopsy, as their pattern with direct visualization is sufficiently characteristic (19) . Some deep lesions typical of endometriosis on MR images are not visualized during surgery because they are hidden by adhesions or enclosed in a block of tissue.
Several limitations of our study must be considered. First, the prevalence of pelvic endometriosis and specifically of deep pelvic endometriosis was particularly high in the study, and this prevalence represents a possible source of bias. Second, some artifacts may alter the interpretation of MR imaging results; these include artifacts from peristalsis, a rectum filled with fecal materials, an empty bladder, and the morphologic characteristics of some patients. Finally, results of the examinations were interpreted by only two radiologists who were experienced in the field of gynecologic imaging. This limitation causes one to recall the results of a previous study (33) in which the researchers demonstrated that the accuracy of MR imaging depended on MR imaging sequences, artifacts, and the experience of radiologists in the field of gynecologic imaging.
In conclusion, MR imaging demonstrates high sensitivity, specificity, positive and negative predictive values, and accuracy in the prediction of the locations of extension of disease in patients with deep pelvic endometriosis.
